Depression and anxiety are common among persons recently diagnosed with HIV infection. We examined whether depression or anxiety was associated with delayed initiation of antiretroviral therapy (ART) among a prospective cohort of Chinese men who have sex with men (MSM) who were newly diagnosed with HIV. The Hospital Anxiety and Depression Scale (HADS) was used for measuring depression and anxiety, with scores of 0-7, 8-10, and 11-21 representing normal, borderline, and likely, respectively. ART initiation information was extracted from the National ART Database. Cox regression was performed to assess associations between HADS scores and the time to ART initiation. Of 364 eligible participants enrolling in the cohort within a median of 11 days after HIV diagnosis, 62% initiated ART during the 12-month follow-up period. The baseline prevalence for likely/borderline depression was 36%, and likely/borderline anxiety was 42%. In adjusted analyses, compared with a depression score of 0, the likelihood of starting ART was 1.82 [95% confidence interval (CI): 1.38-2.41], 3.11 (95% CI: 1.82-5.30), and 2.53 (95% CI: 1.48-4.32) times higher for depression scores of 3, 9, and 13, respectively. A similar pattern was observed for the anxiety score. In contrast to our hypothesis, both depression and anxiety were associated with earlier ART initiation among Chinese MSM with newly diagnosed HIV. We speculate that individuals who are more concerned about their new HIV diagnosis may be more likely to seek HIV care and follow a doctor's advice. The effects of depression or anxiety on ART initiation likely differ in varying subgroups and by symptom severity.
Introduction

T
he Joint United Nations Programme on HIV/AIDS (UNAIDS) estimated that in 2012, 35 million people were living with HIV/AIDS, and 2.3 million new HIV infections occurred worldwide. 1 Men who have sex with men (MSM) have been disproportionately represented among HIV/AIDS cases in several regions, such as North and South America and Asia. [1] [2] [3] In the United States, 64% of new HIV infections were from MSM in 2012. 4 In China, HIV prevalence in MSM has risen from 0.9% in 2003 to 7.7% in 2014; MSM accounted for 25.8% of new HIV cases in 2014. 5 Behavioral change and condom promotion have not brought sustained prevention success among MSM.
Antiretroviral therapy (ART) can play an important role in preventing HIV transmission through reducing viral load to undetectable levels in blood and other bodily fluids in infected persons. Early and sustained HIV treatment would provide this public health benefit and also reduce opportunistic infections and HIV/AIDS-related death, benefiting ART recipients. 6, 7 Yet, coverage of ART is still low among people living with HIV (PLWH). The World Health Organization (WHO) estimated that 46% (43-50%) of PLWH were receiving antiretroviral treatment in 2015 worldwide. In China, 59% of PLWH were on ART in 2014. 5 Even the Chinese government has revised guidelines encouraging initiation of ART regardless of CD4 count since 2013, a substantial proportion of PLWH do not start ART promptly after HIV diagnosis.
Barriers to ART initiation can emerge from individual, relationship, community, and policy levels. 8 Mental health is an important factor at the individual level, and depression and anxiety are common among PLWH. A meta-analysis reported a 39% [95% confidence interval (CI): 33-45%] current prevalence of depression among PLWH. 9 Two studies among HIV-infected MSM showed that the current prevalence of depression was 29% in India and 58% in the United States. 10, 11 For anxiety, a prevalence of 24% in India and 38% in the United States was reported. 10, 11 HIV-infected MSM may be more prone to depression and/or anxiety due to social isolation and dual stigmatization related to homosexuality and HIV infection. [12] [13] [14] [15] Treatment of depression and anxiety is costeffective even in low-and middle-income countries, and could bring benefits in multiple health outcomes. 16 Depression has been reported to be associated with delayed initiation of ART among PLWH. [17] [18] [19] [20] [21] [22] However, there are inconsistent findings. [23] [24] [25] No study of depression or anxiety and ART initiation in newly diagnosed persons has been published. Anxiety is as common as depression in PLWH, but only one published study has examined its association with ART use. 26 In this study, we evaluated the relationship between baseline depression/anxiety and initiation of ART among a prospective cohort of Chinese MSM with newly diagnosed HIV and hypothesized that depression and anxiety would delay ART initiation.
Methods
Study design and population
Our study used the data from the Multi-component HIV Intervention Packages for Chinese MSM project (China MP3). China MP3 had two phases. In the Phase I study, 3588 Chinese MSM with HIV seronegative or unknown status were offered free HIV testing in Beijing. Four hundred fifty-five (12.7%) men were Western blot confirmed as HIV seropositive. These infected participants were then invited to participate in the Phase II-a randomized clinical trial (RCT) aiming to assess the effect of peer counseling on HIV linkage to care among Chinese MSM with newly diagnosed HIV infections in Beijing (ClinicalTrials.gov Identifier: NCT01904877). The RCT was conducted between March 2013 and May 2015. To be eligible, participants in the RCT had no intention of leaving Beijing in the next 12 months and provided informed consent. Enrollment into the RCT occurred a median of 11 days [interquartile range (IQR): 6-22 days] following the HIV diagnosis. We recruited 367 of the 455 (81%) newly diagnosed MSM into the RCT, which served as the population for the current study. This study was approved by the Vanderbilt University and the National Center for AIDS/STD Control and Prevention (NCAIDS) of China Center for Disease Control and Prevention.
Data collection
Sociodemographic characteristics were collected in the Phase I study. Behavioral information was gathered at the baseline survey and at 3, 6, 9, and 12 months of follow-up surveys in the RCT. We measured drug and alcohol use, and ART adherence in the past 3 months in these surveys. Depression and anxiety, 27 quality of life, self-efficacy, 28 and stigma related to homosexuality, 29 and HIV/AIDS 30 were measured at baseline, and at 6 and 12 months of follow-ups only.
Measurement of depression and anxiety
The Hospital Anxiety and Depression Scale (HADS) was used to screen current depression and anxiety, 27 which includes seven items for depression and seven items for anxiety. Each item has four responses (scores from 0 to 3). The total possible scores for depression/anxiety range from 0 to 21 each. HADS scores of 0-7 are considered ''normal,'' scores of 8-10 are defined as ''borderline'' depression or anxiety, and scores of 11-21 are defined as ''likely'' depression or anxiety. Categorization can be clinically meaningful, but it assumes that any effect seen is the same within categories, which might not be true. Hence, we used both the categorical and continuous formats of depression and anxiety scores to model their relationships with ART initiation.
Definition of ART initiation
In our study, we used the date of picking up ART in HIV clinics for the first time to indicate ART initiation. We extracted these dates from the national HIV ART database after the RCT ended. Hence, we could assess all participants' status of ART initiation in the 12 months of follow-up period from the unique identifiers (identity card number of the People's Republic of China) that guaranteed free ART throughout China. For individuals who initiated ART during the 12 months of follow-up, the observational time was the time interval between the date of enrollment and the date of picking up ART medications for the first time. For those who did not initiate ART within 12 months of follow-up, their observational time was the entire follow-up time interval.
Statistical analysis
Of 367 RCT participants, three (<1%) initiated ART before enrollment, leaving a sample size of 364. We conducted bivariate analyses to summarize associations between demographic/behavioral variables and ART initiation, which was treated as a binary outcome (yes or no). In primary analyses, the association [summarized by hazard ratios (HRs)] between depression/anxiety and the time until ART initiation was estimated using Cox proportional hazards regression models. A priori substantive knowledge, aided by causal graphs, guided the selection of confounding covariates to be included in the multivariable models. 31 These variables included age, study arm (intervention vs. standard of care), study site, quality of life, social support, alcohol use, drug use, residency in Beijing, and HIV-related stigma. Depression/anxiety can lead to substance use (alcohol and drug use) and vice versa. 32 Hence, we performed a sensitivity analysis by specifying a second multivariable Cox model that included all variables mentioned above but excluded alcohol use and drug use. HIV-related stigma and clinical trial study arm were tested for potential effect modifications. We also examined the linearity of the log hazards for depression and anxiety scores, age, quality of life, depression/anxiety score, and HIV-related stigma using likelihood ratio tests; when appropriate, restricted cubic splines were used to model nonlinear relationships. CD4 count is an important indicator for ART initiation and it could also be on the causal pathway between depression or anxiety and ART initiation. 33 Hence, we additionally adjusted for CD4 count to estimate the direct effect of depression/anxiety (not through CD4 count) on ART initiation. All analyses were performed using Stata 12.0 (StataCorp LP, College Station, TX).
Results
Demographics of study participants
Among 364 participants, the median age was 28 years (IQR: 25-32). Most were of Han ethnicity (93%) and single (84%), had a college education (77%), were employed (83%), and did not have Beijing ''Hukou'' (or registered household residence; 82%). Over half of participants (55%) had health insurance. Fifty-five percent were alcohol users and 33% reported drug use in the past 3 months. The syphilis coinfection rate was 14% (Table 1) .
At baseline, the median depression score was 6 (IQR: 3, 9), with depression prevalence of 36% (16% borderline and 20% likely depression). The median anxiety score was 7 (IQR: 3, 10), with anxiety prevalence of 42% (18% borderline and 24% likely anxiety). The prevalence of comorbid depression and anxiety was 32% (117/364) at baseline. The proportion of individuals with only depression or anxiety symptoms was 11.3%. Depression and anxiety scores were highly correlated (Spearman's rank correlation [r]: 0.88, p < 0.001).
ART initiation during 12 months of follow-up
During the 12 months of follow-up, 224 of 364 (62%) participants initiated ART, with most (78%) prescribed the combination of efavirenz/lamivudine/tenofovir. Of the 224 ART initiators, 179 (80%) initiated ART before 3 months of follow-up, 15 (7%) between 3 and 6 months, 19 (8%) between 6 and 9 months, and 11 (5%) between 9 and 12 months. MSM who initiated ART were more likely to be single, college educated, employed, well supported by family members and/ or friends, and had a lower baseline CD4 count. Contrary to our hypothesis, they were also more likely to be screened as having depression and/or anxiety (Table 1) .
Association between continuous depression/anxiety scores and ART initiation
The relationships between the depression or anxiety scores and the log hazard of starting ART were not linear ( p < 0.05 for both). Hence, restricted cubic splines were used to model their associations with ART initiation. Neither the intervention arm nor HIV-related stigma was an effect modifier for the effect of depression or anxiety on ART initiation. Figure 1a and b shows that the hazard of starting ART increased with depression score increasing between 0 and 7, followed by a nearly flat slope in the score range of 8-10, and then a slowly descending trend with scores between 11 and 21. Figure 1c and d shows a similar trend between anxiety scores and the hazard of ART initiation. The median scores in those three intervals were used in Table 2 to present HRs between depression/anxiety and ART initiation from the various models, with a score of zero as the reference. For the primary model (Model-1a) and compared with a depression score of 0, the hazard of starting ART was 1.82 (95% CI: 1.38-2.41), 3.11 (95% CI: 1.82-5.30), and 2.53 (95% CI: 1.48-4.32) times higher for depression scores of 3, 9, and 13, respectively. For anxiety, a similar pattern was observed except that the HRs were slightly less than those for depression (Table 2), with a less steep decline in hazard following a score of 10 ( Fig. 1) . The associations were also very similar regardless of whether or not alcohol and drug use was included as covariates (Model 1a vs. Model 2a).
In our study population, depressed individuals had a lower CD4 count than participants with a normal depression score (median: 355 cells/lL vs. 407 cells/lL). Similarly, CD4 count was lower for anxious than nonanxious individuals (median: 362 vs. 407 cells/lL). The additional adjustment of CD4 count in the models of depression/anxiety led to smaller effect sizes (Table 2) . However, the association between depression/anxiety and ART initiation remained strong.
Association between depression/anxiety categories and ART initiation Depression and anxiety are frequently reported as categorical variables. Hence, we also present results with categorized depression/anxiety scores. Figure 2a and b shows the cumulative ART initiation rates over the observation time by different categories of depression. Participants with borderline depression were the most likely to initiate early ART, followed by those with likely depression and with no depression. The patterns for anxiety were similar to those of depression. Participants with borderline anxiety were more likely to initiate ART at an early time, followed by those with likely anxiety and those with no anxiety (Fig. 2c, d) . Table 3 lists HRs of categorical depression/anxiety on ART initiation. Continuous and categorical measurements of depression and anxiety had similar patterns in terms of their effect on ART initiation.
The additional adjustment for CD4 count in models of categorized depression/anxiety did not show a straightforward decrease in HRs across categories (Table 3 ). In the categories of borderline depression and likely anxiety, there was a smaller effect after adjusting for CD4 count. However, there was an increased HR for likely depression and borderline anxiety.
Discussion
Mental health disorders, especially depression, have been reported to contribute to delays in ART initiation in PLWH. 19, 20, 34, 35 We conducted this study to test this hypothesis in Chinese MSM. However, we found a counterintuitive result that newly diagnosed Chinese MSM with current depression/anxiety were more likely to initiate ART, although it appeared that participants with more severe depression/anxiety may have been less likely to initiate ART early than participants with borderline depression/anxiety. Three other studies have also reported an increased uptake of ART among depressed individuals.
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A meta-analysis has shown that depression was associated with a decreased low level of CD4 counts, which is an important indicator for ART initiation. 33 In our study population of newly diagnosed MSM, we did observe that depressed and/ or anxious individuals had a lower CD4 count than participants without depression or anxiety. Additional adjustment of CD4 count showed that CD4 count alone was not sufficient to explain the earlier ART initiation among depressed/anxious participants in our study (Tables 2 and 3) . Other explanations may be responsible for this counterintuitive result, a Model-1b and Model-2b were results of additional adjustment of CD4 count. By controlling on baseline CD4 count, a mediator of depression/anxiety on ART initiation, we attained the direct effect of depression/anxiety. including differences in populations in different studies, the impact of the policy change in China for free ART to all HIVinfected persons regardless of CD4 count, and differing severity of depression/anxiety in different studies.
MSM with newly diagnosed HIV infections in Beijing were a relatively well-educated population. They could learn about HIV and increase their awareness of HIV risk and care via multiple resources, 36 including from their peers 37 and from HIV intervention projects that target at them. Depression or anxiety may have been a reflection of their health concerns, nurturing their interest in ART. The Chinese government changed its policy for free ART during our study period; clinicians began to encourage newly diagnosed individuals to initiate ART regardless of CD4 count. Participants in this study received counseling on depression and anxiety from a trained psychologist, who referred participants for ART treatment as part of her counseling. Hence, both patients and practitioners may have influenced early ART in depressed and/or anxious persons.
The severity of depression/anxiety could be another explanation for this discrepancy compared to the literature. HADS performs well in depression/anxiety case finding, but it is not a robust tool to distinguish mild from major depression/anxiety. 38 People with mild depression typically have relatively normal social functioning, while those with major depression have a significant impairment, such as isolation and avoidance of contact. 39 Mildly depressed persons are also less likely to have the cognitive impairments that interfere with decision-making. Hence, individuals with mild depression could be more motivated to seek care than ones with major depression, especially if the mild depression is a functional response to concern about their recent HIV diagnosis. Anxiety might be a similar motivation. Since we measured depression/anxiety shortly after the HIV diagnosis, many participants screened as having depression/anxiety may have an understandable, transient reactive depression/ anxiety. Hence, we speculate that our study results may be driven by the study design (HADS administered shortly after the HIV diagnosis) and by population characteristics (welleducated MSM).
In our study, 62% Chinese MSM with newly diagnosed HIV infections initiated ART during the 12 months of followup period. ART coverage in this newly diagnosed population was higher than that reported previously in China, 5 perhaps due, in part, to the clinical trial nature of our study. In addition, we think that the liberalized policy of free ART treatment in China regardless of CD4 count may have contributed to the increased ART coverage in our study. Research has also shown that individuals with a higher education were more likely to initiate ART. 17, 40 In this study, over 70% of participants had a college education compared to less than 19% in the population of PLWH in China. Hence, higher education could be another contributor to this high ART coverage.
The comorbidity of depression and anxiety was common in our study population (32%). The depression score was also highly correlated with the anxiety score, precluding mutual adjustment in our analysis due to colinearity. From the viewpoint of mental health interventions, both depression and anxiety should be considered among MSM with newly diagnosed HIV infections.
Our study had several strengths. First, this study was part of an RCT, and we performed this analysis as a prospective cohort. Depression and anxiety were measured at baseline, and ART initiation could happen at any time after enrollment. Hence, we have a temporal relationship for the potential causality of depression/anxiety and ART initiation. Archived ART initiation in the national data set was used for our analysis instead of self-reported ART use. So, we can avoid reporting bias, loss to follow-up, and misclassification of our outcome. Our study population was homogenous, as they were all enrolled in a short time interval after HIV diagnosis. The study sample size was large enough to provide a high power to detect true, meaningful differences.
Our study also had several limitations. Our study recruited MSM from a single metropolitan city, and hence, we cannot generalize to the entire MSM population in China. Residual confounding might exist, as we used a proxy for social support for the purpose of confounding adjustment. Our measures of depression and anxiety after HIV diagnosis might not distinguish between reactions to learning of HIV-positive status versus mental disorders. We cannot estimate the effect of the change of policy of free ART treatment on our study, since it occurred during the time of study conduct.
Early ART initiation has multiple benefits for both individuals and for public health. We found that half of newly diagnosed MSM in our study initiated ART within 3 months of diagnosis. This suggests that it is possible to increase early ART initiation among newly diagnosed persons with interventions both at the policy and individual levels. Depression and anxiety showed unexpected positive effects in terms of ART initiation in our study, although this was attenuated in MSM with greater severity. Depression and anxiety measured after HIV diagnosis might be a reflection of health concern around being HIV positive. Hence, we need further studies with a representative sample to replicate our findings in other newly diagnosed populations. We also need to learn the impact of depression and/or anxiety, and their treatment, on retention in care and adherence to ART among newly diagnosed PLWH.
